A total of 46 strains of feline calicivirus isolates from the United Kingdom, United States, Australia, and New Zealand were used in an investigation of their serological relationships based on the serum neutralization test. Although demonstrable antigenic variation exists between these isolates, it is shown that significant in vitro cross-activity exists between all these isolates to greater or lesser extent. All isolates tested may be regarded as serological variants of a single serotype of feline calicivirus. It is postulated that this relationship would provide for considerable cross-protection during successive exposures of cats to various feline caliciviruses.
Feline caliciviruses (FCV; formerly feline picornaviruses) have been isolated on many occasions from both sick and healthy cats in many parts of the world. Most isolates have been associated with the respiratory tract, conjunctiva, and buccal cavity. A recent review has been published (9) .
Serological comparisons of isolates have been made by a number of investigators using a variety of tests and nonstandardized procedures. The most widely used has been the serum neutralization (SN) test (2, 4, 5, 11, 15, 17, 18, 21 ; Holmes and Gillespie, 1972 , cited by Gillespie and Scott [91) . The regular finding has been considerable serological differences between isolates; nevertheless, many cross-reactions occur. The complement fixation test (10, 12, 22, 23; Parker, 1972 , cited by Gillespie and Scott [9] ) has in general shown broad cross-reactions, as has the immunofluorescent test (8) . Immunodiffusion tests (24; Chema, 1972 , cited by Gillespie and Scott [9] ) have tended to distinguish between isolates. This paper presents results of extensive testing, by cross-neutralization, of many FCV isolates with antisera raised by hyperimmunizing rabbits and hamsters, and by intranasally infecting cats and harvesting postreinfection sera. The clinicopathological results of this last study have already been reported (16 Zealand, KCD; and from the United States, 17-FRV and M-8.
The source, passage history, and original reference for these isolates has been given (16; Povey, Ph.D. thesis, University of Bristol, Bristol, England, 1970) .
In addition, the isolates (all from the United States) shown in Table 1 , with their source and original reference, have been used.
After they were received, viruses were purified by three terminal dilutions in tissue culture.
Cells. Primary and secondary feline kidney cells and an aneuploid feline cell line were used in conventional tissue culture techniques. Antisera production. (i) New Zealand white rabbits were inoculated intravenously with virus fluids, 0.5 ml initially, then 1.0 ml at 2 weeks, and 2.0 ml at 3, 4, and 5 weeks. Blood was collected 3 weeks after the last injection. (ii) Hamsters were inoculated by intracardiac infection of 1 ml of virus fluids (repeated weekly for a total of six injections) and were exsanguinated 3 weeks after the last injection. (iii) The method of Povey and Hale (14) (19) .
Where two-way cross-neutralization results were available, relationships between viruses were analyzed by the method of Archetti and Horsfall (1). The geometric mean of the titer ratio (r,), found by dividing the heterologous titer obtained with virus 2 by the homologous titer obtained with virus 1, and the ratio (r2) found by dividing the heterologous titer obtained with virus 1 by the homologous titer obtained with virus 2, is given by the function: r = /r, x r2. Thus, the value r gives in a single figure the extent of the antigenic difference between two viruses when both agents and both antisera are used in a cross-serological reaction. A value of 1 for r of indicates no antigenic difference. A value for 1/r of > 2 or <0.5 is usually taken to indicate significant antigenic difference.
Besides serum titrations, some comparisons were also made with the 20-antibody-units concept (13) . In this case, serum of known titer would be diluted to 20 times less than its limiting dilution; for example, a serum with an SN50 titer of 1:600 would be diluted 1:30 and then tested against 100 TCID5O of virus in the standard manner.
RESULTS
Rabbit anti-FCV sera. The SN50 titers obtained with rabbit-produced antisera in a checker-board cross-neutralization against 14 FCV isolates and with control antisera produced against feline herpesvirus isolate UKA and against tissue culture fluids are shown in Table 2 . An analysis of these results by the method of Archetti and Horsfall (1) is shown in Table 7 . Thcse sera were then prediluted to 20 times less than this limiting concentration (or in the case of low-titer sera, 2 to 10 times only) and tested against the range of FCV as shown in Tables 8 and 9 . The antiserum prepared against FCV F-17 is particularly competent at neutralizing the other isolates, and this is the more noteworthy because, owing to its rather low homologous SNso titer, it was used at only 10 times its limiting antibody concentration. Overall, the rate of significant neutralization of the 21 FCV isolates tested by the 14 goat antisera was 73.5% (excluding neutralization by homologous sera). This pattern of cross-neutralization is apparently more extensive among the American isolates than between these and the British, Australian, and New Zealand isolates, although only antisera were available to the latter, with the exception of KCD, in the United States, and two-way tests were not possible. This difference may not be due to the geographical origin of the isolates, however, but may be a reflection of the difference in production of the antisera. For instance, FCV isolates FRI-29 and FRI-6 were not signif'icantly neutralized by 20 (1) is useful for viruses within those families such as the herpesviruses, where there is considerable antigenic homogeneity, but it discredits anything less than almost complete antigenic identity. Thus if the feline caliciviruses are analyzed by this method (4; this paper), they will be classified into many serotypes. However, where several FCV isolates have been compared by cross-neutralization, varying degrees of cross-reactivity (very often one-way) have been reported (2, 4, 7, 11; Holmes and Gillespie, 1972, cited ba Gillespie and Scott [9] ), and this cross-relationship is re-emphasized on a much larger scale in the current report, which is based on many more isolates of feline calicivirus from more parts of the world than have previously been reported.
Somewhat comparable difficulties with serotyping human rhinoviruses led to the proposed definition incorporating the arbitrary 20 
N, Complete neutralization.
C, <50% neutralization. (14) . When this concept is applied to the feline caliciviruses (Tables 6, 8 , and 9), the occurrence of cross-neutralization is widespread. Comparing just two isolates in two-way cross tests, it is possible to identify apparently distinct types, for instance, KCD and FPL ( 
